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ABSTRACT OF THESIS 
 
 
 
IMPACT OF NICU DESIGN ON FEEDING-RELATED 
OUTCOMES IN PRETERM INFANTS 
 
Many NICUs around the country are moving away from traditional open-bay 
designs in favor of single-family rooms (SFRs) as more is understood about the impact of 
the sensory environment on neurodevelopment in preterm infants. SFRs house one 
infant and their family for the length of the infant’s stay and are associated with 
improvements in numerous outcomes, including increased milk intake and weight gain 
and earlier transition to enteral feeding. Oral feeding remains a critical requirement for 
NICU discharge; however, the impact of NICU design on feeding outcomes remains 
unknown. 
The purpose of this study was to compare feeding outcomes between infants 
cared for in an open-bay NICU and infants cared for in SFRs, via retrospective chart 
review. The primary outcome variable of interest was feeding-related length of stay 
(FRLOS). A secondary outcome measure was gestational age at first oral feeding. 
The key findings from this study were no significant differences in either 
outcome measure between groups, suggesting that for relatively healthy preterm 
infants, NICU design has no significant impact on feeding-related length-of-stay or age at 
first oral feed. Infants progressed to full oral feeding at roughly the same rate whether 
cared for in an SFR or an open bay nursery. 
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CHAPTER 1. INTRODUCTION 
1.1 Background 
According to the Centers for Disease Control and Prevention, 9.93% of babies 
born in the U.S. in 2017 were born preterm, and 8.28% were born low or very low birth 
weight. Both of these numbers mark an increase from the previous year, continuing a 
three-year trend of increases in low birth weight and premature births in the U.S. 
(Martin, Hamilton, Osterman, Driscoll, & Drake, 2018). These trends are in surprising 
opposition to decreased rates of multiple births, a statistic which usually correlates 
directly with the prematurity rate (Martin et al., 2018). The reason being that twins and 
other multiples are eight times more likely to be born preterm, thereby raising the 
overall prematurity rate (Martin & Osterman, 2018). 
Other risk factors for premature birth and low birth weight include maternal 
history of premature births, poor prenatal care, insufficient weight gain during 
pregnancy, sexually transmitted infections, periodontal disease, drug and alcohol use 
during pregnancy, and use of fertility treatments. Premature birth is also more common 
among women younger than 17 and older than 35, women who are African American, 
and those from low socio-economic backgrounds (March of Dimes, 2018).  
Low birth weight and prematurity are known to cause a number of complications 
including respiratory distress syndrome, fluid and electrolyte imbalances, apnea of 
prematurity, intraventricular hemorrhage, patent ductus arteriosus, poor 
thermoregulation or hypothermia, anemia, and increased susceptibility to infection 
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(Subramanian, Seo, Barton, & Montazami, 2014). Additionally, as many as 70% of 
preterm infants experience difficulties with oral feeding (Hawdon, Beauregard, Slattery, 
& Kennedy, 2000). Reasons for this include poor motor maturity, underdeveloped 
neural pathways, pathology of the respiratory and gastrointestinal systems, low 
tolerance for interaction, and unstable behavioral state organization (Jadcherla, 2019). 
While advances in medicine and medical technology continue to improve 
outcomes for these babies, treatment and care typically require time in the neonatal 
intensive care unit (NICU) which is expensive and stressful for both babies and 
caregivers (Muraskas & Parsi, 2008). A single day in the NICU may cost upwards of 
$3500 and parents commonly report feelings of guilt, anxiety, depression, alienation, 
and lack of control (Muraskas & Parsi, 2008; Obeidat, Bond, & Callister, 2009).  Recent 
studies have shown that having a child in the NICU can result in long-term post-
traumatic stress disorder in caregivers (Clottey & Dillard, 2013). 
These effects are compounded by the fact that in 2010, the average length of 
stay for an infant in the NICU was 13.2 days (March of Dimes, 2011). Further, for infants 
born at or before 32 weeks gestational age, the average hospital stay was estimated to 
last 46.2 days and resulted in charges of over $280,000 per baby (March of Dimes, 
2011). Therefore, decreasing an infant’s hospital length of stay is an important goal 
when providing care in the NICU. Many factors can impact the rate at which babies are 
able to meet the physiological and developmental milestones necessary for safe 
discharge home and the infant’s sensory environment is thought to be one of the most 
important (Shahheidari & Homer, 2012). 
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NICUs have traditionally consisted of large rooms shared by multiple infants 
without walls or partitions between their isolettes. This design, called an open-bay 
NICU, can create a noisy, crowded environment and research has shown that in some 
cases such a design may inhibit maternal interaction and prevent families from spending 
the night with their infant (Dunn, MacMillan-York, & Robson, 2016). Yet, the open bay 
design has remained the standard for NICUs in the United States since the first one 
opened in 1960. Interestingly, hospitals have abandoned open bay design for many 
other inpatient areas (Stiller, Salm, Bischoff, & Gastmeier, 2016). Initially, the open-bay 
design for NICUs was considered necessary to facilitate easy communication among 
staff and allow quick access to and continuous monitoring of critically ill infants. 
However, modern technology has made it increasingly more possible to provide this 
same standard of care while allowing infants and their caregivers a quieter, more 
private environment during their stay (Shahheidari & Homer, 2012). 
As our understanding about the impact of the sensory environment on a preterm 
neonate’s brain growth and development has increased, many NICUs have started to 
retire the traditional open-bay design in favor of more single-family rooms (SFRs). SFRs 
are designed to house one infant and their family for the entire length of the infant’s 
stay (Carlson, Walsh, Wergin, Schwarzkopf, & Ecklund, 2006; Dunn et al., 2016). A 
number of researchers have shown improvements in certain outcomes for infants cared 
for in SFRs as compared to open bay designs including increased milk intake, greater 
weight at discharge, and earlier transition to enteral feeding (Stevens et al., 2012; Vohr 
et al., 2017). However, other studies have suggested that open-bay NICUs may 
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encourage faster maturation of neural structures and provide vital social interaction for 
infants whose families cannot be present (Pineda et al., 2014). 
1.2 Statement of Problem 
To be discharged from the NICU, The American Academy of Pediatrics advises 
that infants meet several physiologic milestones, including demonstration of competent 
oral feeding skills (American Academy of Pediatrics Committee on Fetus and Newborn, 
2008). An extended time-to-transition from tube feeding to independent oral feeding 
means a longer hospital stay, greater medical costs, increased maternal and family 
stress, and an increased likelihood of developing oral feeding aversion (Lau, 2016). 
Given the importance of the sensory environment on the preterm infant’s neural 
development and the number of hospitals NICUs moving toward SFRs, it is critically 
important to understand how NICU design may impact the rate at which infants meet 
the milestones required for discharge, including independent oral feeding. The impact 
of single-family room NICU design on feeding-related outcomes has yet to be 
investigated. 
1.3 Purpose of Study 
The aim of the present study was to compare feeding-related outcomes between 
a group of infants cared for in an open-bay NICU design and a matched group of infants 
cared for in single-family rooms. Results of this study will add to a growing body of 
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literature examining the differences in infant outcomes between SFR versus open-bay 
NICU design. 
CHAPTER 2. LITERATURE REVIEW 
 
The following literature review summarizes what is currently known regarding: 
1) Feeding issues in preterm and low birth weight infants 
2) Factors affecting the transition to oral feeding 
3) Feeding-related length of stay 
4) Impact of SFR design on NICU outcomes 
2.1 Feeding Issues in Preterm and Low Birth Weight Infants 
Safe and efficient oral feeding in neonates requires synchrony between the 
parallel processes of sucking, swallowing, and breathing (known as the suck-swallow-
breathe cycle) and functional interaction of the lips, jaw, tongue, palate, pharynx, larynx 
and esophagus (BuLock, Woolridge, & Baum, 1990; Jadcherla, 2019). This cycle involves 
the coordination of the swallowing mechanism and related musculature with the 
respiratory and digestive systems. While the swallow reflex can be observed in utero as 
early as 15 weeks gestation, swallow rhythm is not present until 32 weeks gestational 
age and is not regular or well-defined until 35 weeks (Rogers & Arvedson, 2005). 
Further, the respiratory and digestive systems are not considered mature until 36 and 
38 weeks, respectively (Grand, Watkins, & Torti, 1976; Langston, Kida, Reed, & 
Thurlbeck, 1984). 
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In most healthy term infants, a coordinated suck-swallow is present at birth 
(Jadcherla, 2019). However, for preterm infants who are still developing, coordinating 
the suck-swallow-breathe cycle presents a significant challenge. In addition to immature 
respiratory and digestive systems, many preterm infants are exposed to a range of 
invasive but necessary treatments and procedures; both of which have the potential to 
interfere with these fragile systems. Examples include feeding via nasogastric tube, 
mechanical ventilation, and intubation (Crapnell et al., 2013). Studies show that 40% to 
70% of preterm infants display immature and atypical oral feeding skills, primarily 
resulting from immature or underdeveloped anatomical structures, physiologic 
functions, and neurological structures and pathways (Burklow, McGrath, Valerius, & 
Rudolph, 2002; Jadcherla, 2019). Additionally, once the necessary structures and 
corresponding functions are developed, the infant must learn to coordinate the 
separate activities of sucking, swallowing, and breathing to feed safely and efficiently 
(BuLock et al., 1990).  
2.1.1 Maturation of Sucking 
Sucking may be classified as either nutritive or nonnutritive, with nutritive 
sucking (NS) involving the ingestion of milk or another fluid and nonnutritive sucking 
(NNS) involving no ingestion of fluid (Wolf & Glass, 1992). Both behaviors consist of two 
distinct phases: compression and expression. Compression involves tongue compression 
of the nipple against the hard palate to create positive pressure. Expression involves the 
lowering of the jaw, while maintaining a closed lip seal against the nipple, to create the 
negative intraoral pressure required to draw, or express, liquid into the mouth. (Wolf & 
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Glass, 1992). A mature suck involves coordinated alternation of these phases. However, 
infants displaying an immature suck (i.e. expression only) may still be able to feed safely 
depending on the method of feeding (Lau, 2016). 
In bottle feeding, expression alone may be sufficient for an infant to complete a 
feeding (Wolf & Glass, 1992). However, for reasons unknown, this is not thought to be 
the case for breastfeeding. Lau (2016) speculates that the suction phase may be more 
important in breastfeeding since it also serves to help infants maintain their latch, an 
issue not encountered as frequently in bottle feeding where a latch is not entirely 
necessary to express milk. As such, breastfeeding may present a greater challenge to 
infants displaying immature suck patterns (Lau, 2016).  
NS involves the ingestion of fluid and requires coordination of compression and 
expression with swallowing, respiration, and esophageal transport of the bolus. If 
coordination is not present, there is increased risk of fluid aspiration into the airway 
and/or inefficient esophageal transport (Lau, 2016). Simultaneously, the infant's 
nervous system is generating sensory feedback that alerts them as to whether they 
should continue feeding or need to stop to protect respiration (Pickler, Best, Reyna, 
Gutcher, & Wetzel, 2006). Current literature  posits that the coordination of the suck-
swallow-breathe cycle relies on central pattern generators (CPGs) located in the 
medulla, suggesting that safe and efficient NS will not be observed until these CPGs are 
mature (Amaizu, Shulman, Schanler, & Lau, 2008; Barlow & Estep, 2006; Jean, 2001). By 
contrast, NNS, which is confined to the oral cavity and does not involve fluid transport, 
does not rely on these CPGs and so matures earlier. For this reason NNS, while a good 
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indicator of an infant's ability to suck, is not considered predictive of the infant's ability 
to feed safely and efficiently by mouth (Pickler et al., 2006).  
2.1.2 Maturation of Swallowing 
Suck-swallow-breathe coordination is significantly more challenging for preterm 
infants compared to term infants because of underdeveloped musculature and 
immature neural pathways. Another challenge is the fact that preterm babies do not 
have as many opportunities to practice swallowing in utero. At birth, term infants will 
have had approximately 18 weeks of practice swallowing amniotic fluid in amounts of 
up to 1,000mL per day (Miller, Sonies, & Macedonia, 2003; M. G. Ross & Nijland, 1998). 
In contrast, preterm infants will have had significantly fewer weeks for practice 
depending on how early they are born.  
Safe and efficient swallowing involves three phases: oral, pharyngeal, and 
esophageal. While each of these is distinct and involves separate musculature, a 
disruption or delay in any one phase can interrupt the swallow process, increasing the 
risk of adverse events such as choking, aspiration, and respiratory disruptions (Lau, 
2012; Wolf & Glass, 1992). Each phase is described below. 
Oral Phase 
The oral phase of the swallow involves compression and expression of fluid from 
the nipple followed by lingual transport of the fluid. (Wolf & Glass, 1992) The tongue 
seals the oral cavity to produce the positive and negative pressures necessary for 
compression and expression and works in conjunction with the lips, jaw, soft palate and 
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hard palate to obtain the volume of fluid necessary to initiate the swallow (da Costa, van 
den Engel-Hoek, & Bos, 2008). 
Aside from the development of mature and typical suck patterns, there are 
several other components to the oral phase which impact an infant's ability to feed 
safely and efficiently and develop as the infant develops. With maturation and practice 
infants can handle larger bolus volumes because of greater tongue strength and 
increased ability to propel a bolus posteriorly toward the pharynx (Selley, Ellis, Flack, & 
Brooks, 1990). Swallow rate also increases as infants mature, as does their ability to 
form and hold a bolus in the oral cavity prior to swallowing, resulting in safer and more 
efficient suck-swallow interaction (Lau, Smith, & Schanler, 2003; Omari et al., 1999).  
Pharyngeal Phase 
The pharyngeal phase of the swallow begins when the bolus reaches the 
posterior pharyngeal wall which triggers the swallow reflex. From this point the 
movement of the bolus through the pharynx relies on swift and efficient pharyngeal 
contraction and peristalsis (Lau, 2016). 
Infants born preterm display weaker peak pharyngeal pressures as compared to 
term infants (Omari et al., 1999). Preterm infants are also more likely to experience 
discoordination between pharyngeal peristalsis and the opening of the upper 
esophageal sphincter (UES), leading to retention of material within the pharynx and 
possibly aspiration of that material after the swallow (Rommel et al., 2011) 
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Esophageal Phase 
Once the bolus enters the esophagus, the muscles of the esophagus contract in 
waves called peristalsis. Peristaltic waves may be anterograde or retrograde in nature. 
Anterograde waves move the bolus "forward," or downward toward the stomach. 
Retrograde waves move the bolus "backward," or upward toward the pharynx. 
Nonperistaltic contractions may also be observed (Omari et al., 1999). Strong and timely 
anterograde peristaltic waves are required to move a bolus efficiently through the 
esophagus and into the stomach, and to avoid reflux and regurgitation (Lau, 2016). 
For preterm infants, nonperistaltic contractions predominate peristaltic 
contractions contributing to poor esophageal clearance (Omari et al., 1999) A 
disproportionate amount of retrograde contraction is also observed, leading to higher 
instances of reflux and regurgitation as compared to term infants (Lau, 2016). As an 
infant matures, the occurrence of nonperistaltic contractions and retrograde peristalsis 
decrease and anterograde peristalsis increases, resulting in a more mature esophageal 
swallow (Omari et al., 1995).  
2.1.3 Frequency and Quality of Opportunities 
Historically, the perspective regarding development of competent oral feeding 
has been that it will improve with time and is driven by central nervous system 
maturation. However, recent research has highlighted the fact that allowing infants 
ample opportunities to practice feeding is equally important (Tubbs-Cooley, Pickler, & 
Meinzen-Derr, 2015). Tubbs-Cooley and colleagues (2015) found a direct correlation 
between proportion of missed oral feeding opportunities, transition time to full oral 
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feeding, and hospital length of stay. They reported that the higher proportion of oral 
feeding opportunities an infant missed, the longer they took to transition to oral feeding 
and the longer their hospital stay. Consistent with this finding, Pickler and Reyna (2003) 
found that the more bottles an infant was offered each day, the fewer days they took to 
transition to full oral feeding.  
2.2 Factors Affecting the Transition to Oral Feeding 
During their stay in the NICU, many preterm infants require invasive treatments 
and procedures such as intubation and mechanical ventilation, frequent suctioning, and 
long-term use of orogastric or nasogastric feeding tubes (Malcolm, 2014). 
Unfortunately, these interventions, while medically necessary, often contribute to 
feeding problems in neonates, especially those who are particularly fragile or medically 
complex (Crapnell et al., 2013). There are also non-interventional factors which can 
impact a preterm infant's ability and desire to feed which may not be a factor for 
healthy term infants learning to feed. These include medical complexity, behavioral 
state organization, exposure to aversive oral feeding experiences, and extent of family 
presence and involvement in care. 
2.2.1 Medical Complexity 
Preterm infants are more likely than their term counterparts to experience 
significant medical and developmental sequelae, any of which may have a profound 
impact on oral feeding skills (Burklow et al., 2002). Respiratory challenges, including 
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underdeveloped lung structures and low amounts of surfactant, are common among 
preterm infants. These infants tend to be the most negatively affected due to the need 
to suppress breathing during swallowing to protect the airway. Further, oxygen 
supplementation can contribute to oral sensory deprivation and a restriction in range 
and type of oral movements, limiting the development of areas of the brain critical for 
oral feeding (Stumm et al., 2007). Many preterm infants also experience significant 
gastrointestinal issues which can increase episodes of reflux and emesis following oral 
intake and delaying their ability to begin oral feeding. (Jadcherla, 2016)  
2.2.2 Behavioral State Organization 
Brazelton and Nugent (1995) described six behavioral states or states of 
consciousness through which infants cycle: deep sleep, light sleep, drowsiness, quiet 
alert, active alert, and crying. These states are defined according to body activity levels, 
movements of the eyes and face, regularity of respiration, vocalization, and 
responsiveness to stimuli. Healthy term infants display distinct periods of sleep and 
wakefulness and are able to transition smoothly between states (Foreman, Thomas, & 
Blackburn, 2008). In contrast, preterm infants have a difficult time transitioning 
between states due to an immature central nervous system which is reflected in the 
instability of sleep-wake states and lack of sleep cycling (Foreman et al., 2008). As 
infants mature and their ability to self-regulate increases, they are able to transition 
more smoothly between states, spend more time in states of wakefulness, and display 
longer periods of sleep (Griffith, Rankin, & White-Traut, 2017). This is an important pre-
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feeding skill, as there is a strong relationship between behavioral state and oral feeding 
efficiency (Pickler, Best, Reyna, Wetzel, & Gutcher, 2005).  
Pickler (2005)  and Griffith (2017) both found that alert states prior to feeding 
are strong predictors of oral feeding efficiency. Robust alertness has also been shown to 
correlate with shorter transition to oral feeding and may serve to prepare infants to 
remain alert for the duration of a feeding; a necessary skill for safe and efficient oral 
feeding (McGrath & Medoff-Cooper, 2002). Infant crying, typically regarded as a late 
hunger cue, has also been shown to correlate with greater oral feeding efficiency and 
may actually be a stronger predictor of efficient feeding than awake state (Griffith et al., 
2017). 
2.2.3 Exposure to Aversive Oral Feeding Experiences 
Many of the invasive medical treatments necessary to sustain life for preterm 
infants can compromise their progress in oral feeding by delaying the start of oral feeds, 
the need to alter the way they are fed, and limiting the number of positive oral feeding 
experiences they have (Crapnell et al., 2013).  Such treatments include intubation and 
mechanical ventilation, frequent suctioning, and long-term use of orogastric or 
nasogastric feeding tubes. (Malcolm, 2014) Infants may also develop an oral aversion to 
feeding because of other experiences, including forced oral feedings and the incidence 
of adverse events during oral feeding such as choking, reflux, apnea, and bradycardia 
(Rudolph & Link, 2002). 
Repeated adverse events associated with oral feeding may lead to infants 
resisting or refusing other stimuli around their mouth and face which impedes their 
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ability to feed orally and necessitates continued enteral feeding (Rudolph & Link, 2002). 
Oral aversions are more common in preterm infants and other NICU populations, as 
compared to healthy term infants, due to the medical complexity associated with 
prematurity and the increased need for intubation, ventilation, and tube feedings 
(Malcolm, 2014).  
2.2.4 Amount of Family Presence and Involvement in Care 
The relationship of parent-child interaction on developmental outcomes is well 
understood, and for preterm infants, this relationship begins in the NICU. Parent 
presence and involvement in NICU care has been shown to mitigate feelings of 
helplessness and anxiety in parents and improve the ability of the infant to cope with 
stressors associated with NICU care (Pineda et al., 2018).  Infants who are held skin-to-
skin demonstrate short-term and long-term outcomes including better reflex 
development and less asymmetry at term and better gross motor development at 4-5 
years old (Pineda et al., 2018). Skin-to-skin contact, or "kangaroo care," has also been 
shown to increase ability for state regulation, decrease stress behavior, and improve 
overall organization of the neurobehavioral system(Ohgi et al., 2002). 
Greater amounts of family presence and involvement in care have also been 
associated with improved feeding-related outcomes. Parent presence, holding in arms, 
and skin-to-skin care are all associated with improved weight gain and greater 
breastmilk intake at discharge (Pineda et al., 2018). Parent involvement in care is also 
associated with greater weight gain and increased exclusive breastfeeding (O’Brien et 
al., 2018). 
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2.3 Feeding-Related Length of Stay 
Length of stay (LOS) is considered an important metric for determining effective 
care practice in the NICU. The idea is that the shorter the length of stay, the higher the 
likelihood that a particular care practice has been effective. For the purposes of this 
study, the interest was specifically in feeding-related length of stay (FRLOS). FRLOS was 
defined as the number of days that lapsed from an infant’s first oral feed (minimum 3-
5mL) to the day of discharge when they were consuming all feedings by mouth. FRLOS is 
an effective measure of the timeliness of an infant’s transition to oral feeding since it 
correlates closely with the maturity of an infant's nutritive suck, as measured by NS 
frequency and suck smoothness (Capilouto, Cunningham, Giannone, & Grider, 2019).  
2.4 Impact of SFR Design on NICU Outcomes 
The first studies investigating the differences between SFRs and open-bay NICUs 
outlined two major advantages of SFR NICUs for infants: greater protection against 
nosocomial infections and increased interaction between parents and their infants 
(White, 2010). Benefits for families included increased parental satisfaction, more active 
participation in medical discussions, and greater competence in caring for their infant. 
Differences have also been found between SFR and open-bay NICUs with respect to 
infant medical outcomes and hospital course. A randomized control trial conducted in 
Sweden found that infants cared for in SFRs experienced shorter stays and reduced risk 
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of pulmonary morbidity than those cared for in an open-bay ward. (Ortenstrand et al., 
2010). 
The studies also identify several challenges for SFR NICUs, including higher 
construction and maintenance costs as compared to open-bay NICUs, a decrease in the 
ease with which nurses could communicate with families and other nurses, and fewer 
opportunities for interaction among families (White, 2010). Pineda et al. (2014) 
suggested that SFRs also inhibit neurodevelopment as evidenced by lower cerebral 
maturation scores at term gestational age and lower language and motor scores based 
on standardized testing at 2 years.  
 
CHAPTER 3. METHODS 
3.1 Methods 
This study was a retrospective chart review conducted at a tertiary level 
academic medical center with a Level IV Neonatal Intensive Care Unit (NICU). 
Participants included infants admitted to the to the NICU between April 2017 and April 
2019. The study was approved by the Institutional Review Board where the work was 
carried out. 
Based on previously published work (Capilouto, et al., 2019), power analysis 
revealed a sample size of 60 subjects per group (non-randomized) would be required for 
80% power to detect a statistically significant difference (two-tailed hypothesis; set at p 
< .05) between groups. 
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3.2 Participants 
The study population included 120 infants born with low birth weight (1500-
2499 grams). Neonates in the study included those cared for in an open-bay NICU (OBG; 
N = 60) and those cared for in a single-family room (SFG; N = 60). Infants were excluded 
from the study if they had anomalies or disorders known to interfere with feeding (e.g. 
cleft lip and/or palate), congenital disorders, chromosomal abnormalities or major 
congenital anomalies, known perinatal exposure to toxic substances, a history of 
intraventricular hemorrhage greater than Grade II or history of white matter disease 
such as PVL. 
The Neonatal Medical Index (NMI), a comorbidity index, was used to further 
ensure that the two groups were as homogenous as possible. Infants receiving an NMI 
score of 3 or 4 were excluded, as these scores indicated prolonged time on oxygen or 
ventilation which is known to interfere with feeding. Demographic variables and 
population characteristics of interest for the study population are presented in Table 1 
and Table 2. 
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Table 1: Means (standard deviations) of variables of interest 
VARIABLE 
POPULATION (N = 120) 
Open Bay Group (n = 60) SFR Group (n = 60) 
M:F1 34:26 32:28 
GESTATIONAL AGE (WEEKS) 34.6 (1.6) 35.1 (1.6) 
BIRTHWEIGHT (GRAMS) 2063 (296) 2075 (277) 
NMI SCORE2 1 = 26; 2 = 34 1 = 27; 2 = 33 
INCIDENCE OF C-SECTION 29 40 
FRLOS3 (DAYS) 9 (5.6) 8.4 (5.3) 
GA AT FIRST ORAL FEEDING4 35.2 (1.5) 35.3 (1.4) 
1Male to female ratio; 2Neonatal Medical Index Score; 3Feeding related length of stay 
calculated from the date of first oral feeding to the date of discharge; 4Gestational age 
at first oral feeding  
 
Table 2: Frequency (percent) of race, by population 
RACE 
POPULATION (N = 120) 
Open Bay Group (n = 60) SFR Group (n = 60) 
WHITE 45 (75) 49 (81.6) 
BLACK 7 (11.7) 7 (11.7) 
BIRACIAL 2 (3.3) 0 (0) 
HISPANIC 5 (8.3) 1 (1.7) 
ASIAN 0 (0) 3 (5) 
OTHER 1 (1.7) 0 (0) 
3.3 Procedures 
Discharge summaries were used to collect the data of interest. For data that was 
not included in discharge summaries or in cases where information was unclear, 
progress notes were also used. If necessary information was not explicitly stated 
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anywhere in the chart, such as the date of an infant's first oral feeding, the infant was 
excluded from the study. Infants included in the study were then matched based on 
gender and birthweight. 
To meet the aims of the study, the following data were collected: gender, race, 
date of birth, date of discharge, gestational age, birthweight, and delivery method. 
Additional measures used to calculate NMI score were also collected, including use of 
assisted ventilation; days on oxygen; and history of apnea or bradycardia, patent ductus 
arteriosus, meningitis, or seizures.  
The primary outcome variable of interest was feeding-related length of stay 
(FRLOS). FRLOS was calculated from the date of the first oral feeding to the date of 
discharge. The secondary outcome measure was gestational age at first oral feeding. 
3.4 Statistical Analysis 
All data were analyzed using SPSS Version 23. Statistical significance was set at p 
< .05. Sample population characteristics were analyzed using one-way univariate 
analysis of variance. Multiple regression analysis was used to evaluate the differences in 
FRLOS and age at first oral feeding between groups.  
CHAPTER 4. RESULTS 
Analyses indicated a significant difference in the incidence of C-section deliveries 
between groups (p < .05); infants in the single room group were significantly more likely 
to be born via C-section as compared to infants in the open bay group. No other 
comparisons were significant.  
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Table 3: Comparison of means (ONEWAY ANOVA) of variables of interest 
VARIABLE F (1, 118) P-VALUE 
M:F1 1.193 .277 
GESTATIONAL AGE (WEEKS) .161 .689 
BIRTHWEIGHT (GRAMS) .058 .810 
RACE .638 .426 
NMI SCORE2 .033 .856 
INCIDENCE OF C-SECTION 4.202 .043* 
FRLOS3 .352 .554 
GA AT FIRST ORAL FEEDING4 .151 .698 
1Male to female ratio; 2Neonatal Medical Index Score; 3Feeding related length of stay 
calculated from the date of first oral feeding to the date of discharge; 4Gestational age 
at first oral feeding  
 
Post hoc multiple regression analyses were used to determine between-group 
differences in the outcome variables of interest (gestational age at first oral feeding and 
FRLOS), after adjusting for the incidence of C-section. Results indicated no significant 
difference between groups for gestational age at first oral feed (p = .582) or FRLOS (p 
= .793) after adjusting for the differences in incidence of C-section. 
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Figure 1: Comparison of means of outcome variables 
 
 
CHAPTER 5. DISCUSSION 
5.1 Discussion 
The key findings from this study were no significant differences in the primary or 
secondary outcomes of interest between groups. The results suggest that for relatively 
healthy preterm infants (i.e. birthweight >1500g, minimal need for respiratory support, 
no major comorbidities), NICU design does not seem to be a factor in feeding-related 
length of stay or age at first oral feed. These results are in contrast to the extant 
literature on NICU design, which has suggested that SFRs may be associated with poorer 
developmental and feeding-related outcomes. Studies such as those by Pickler (2013) 
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and Ortenstrand (2010) suggest that the benefits of SFRs are largely limited to clinical 
outcomes and satisfaction of caregivers and staff. 
The results of this study suggest that infants progress to full oral feeding at 
roughly the same rate in an SFR NICU as compared to an open bay NICU. This is 
interesting given the findings of Pineda et al. (2014) which reported that SFRs may slow 
neurodevelopment in infants, delaying their achievement of developmental milestones. 
The results here would challenge that conclusion since there were no significant 
differences between groups in the neurodevelopmental milestone of full oral feeding.  
The fact that the LBW infants in this study did not progress to full oral feeds any 
slower in an SFR NICU than in an open bay is encouraging. The finding suggests that 
infants in the SFR group are not missing significantly more oral feeding opportunities; a 
reasonable possibility given the greater work involved in feeding multiple infants at the 
same time when they are not located in the same room. It also suggests that the paucity 
of social interaction inherent in SFRs is not significant enough to impact 
neurodevelopment related to feeding. This is especially important for the facility where 
the study was conducted since the population it serves represents a large geographical 
region. As such, many families must return home before their infants are discharged 
from the NICU and are limited by time and resources in their ability to visit regularly 
during their infant's stay. 
Some researchers have suggested that infants are able to tolerate enteral 
feedings earlier in SFRs than open bay NICUs (Domanico, Davis, Coleman, & Davis, 
2011). This was not investigated in the current study; however, no significant difference 
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was found between groups in the age at which infants transitioned to oral feeding. 
Thus, earlier transitions to enteral feeding may simply reflect an earlier introduction of 
enteral feeding rather than a greater tolerance on the part of the infant. Further, this 
same study did not find significant differences in length of stay between the SFR group 
and the open-bay group (Domanico et al., 2011).  
These results, though encouraging, must be taken with caution as previous 
research has shown that feeding outcomes at NICU discharge are not necessarily 
predictive of continued feeding outcomes (E. S. Ross & Browne, 2013). Ross and Brown 
(2013) found that even for infants who appear to have adequate feeding skills at 
discharge, feeding difficulties often become more apparent in the first two years of life. 
This is especially true as children are introduced to a greater variety of food types and 
textures and the process of feeding and swallowing becomes more complex. 
5.2 Study Strengths and Limitations 
The fact that the infants included in the study were of low birth weight and 
relatively healthy limits the generalizability of the findings. The nature of the study 
population may have impacted key findings, as NICU design may play a larger role in 
feeding outcomes for smaller, sicker infants whose motor and sensory systems are more 
profoundly impacted by their environments. Additionally, the hospital where the work 
was carried out transitioned completely from an open-bay NICU to a single-family room 
design, so infants were not truly randomized. 
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Another limitation of the current study is the fact that caregiver presence could 
not be accounted for since this information is not typically recorded in the EMR. The 
only information regarding caregiver presence was specifically related to the completion 
of required caregiver education at discharge. Consequently, it is difficult to know the 
extent to which outcomes of the study were influenced by the degree of interaction 
each infant had with their caregiver(s). 
5.3 Future Directions 
To improve generalizability of outcomes, future studies should include more 
complex and medically fragile infants, including those who are very low birth weight and 
extremely low birth weight and those who have higher levels of comorbidity. 
Conducting future studies as randomized control trials rather than retrospective chart 
reviews would further improve generalizability and allow for greater control of possible 
confounding factors. 
Future studies should investigate parent confidence in infant feeding, as it may 
differ significantly between SFR and open-bay groups. Given the inherent differences in 
interaction with and availability of NICU staff and proximity to other NICU parents, the 
quality and/or amount of parent education and peer support may vary greatly between 
environments, potentially leading to differences in infant feeding outcomes. Studies 
should also collect long-term follow-up data for both groups to track rates of continued 
feeding difficulties, the emergence of new feeding difficulties when transitioning to new 
feeding stages, and rates of referrals for feeding services in infancy and toddlerhood. 
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